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Abstract 
Purpose: The prime objective of the current study is to investigate the relationship between 
Preventive Maintenance (PM) and production performance. The study has proposed a 
framework which argues that preventive maintenance practices improve production 
performance by lowering production cost and improving the product quality 
Design/methodology/approach: The methodology involves transforming the Malaysian 
manufacturing Sector trough preventive maintenance that can reduce manufacturing cost and 
increase product quality. The empirical data were collected from 155 Malaysian manufacturing 
companies through a survey.  
Findings: The paper finds that Preventive Maintenance practices successfully reduce the 
manufacturing cost and at the same time increase the quality of the product trough practicing 
Time –based maintenance (TBM); Condition-based maintenance (CBM) and Predictive 
maintenance (PdM). All Malaysian manufacturing sectors comprehend that the Preventive 
Maintenance practices namely; Time -based maintenance (TBM); Condition-based 
maintenance (CBM) and Predictive maintenance (PdM) are very important that deliver value 
in use. 
Research limitations/implications: The limitations are the study focuses only on 
manufacturing based company and no service based companies were involved in this study and 
this study only prioritizing Preventive Maintenance practices as in‐depth in nature, and the 
brief reporting can only cover the tip of the iceberg.  
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Practical implications: The Preventive maintenance has significant potential value in 
providing routes for companies to move up their value by exploiting higher value business 
activities.  
Originality/value: The paper can be useful for Malaysian manufacturing and service industries 
which are in the starting phase of PM implementation.  
 
Keywords: Preventive Maintenance, Malaysian Manufacturing Sector, Manufacturing 
Performance, Time –Based Maintenance, Condition-Based Maintenance, Predictive 
Maintenance 
 
1. Introduction  
The manufacturing sector is one of the key drivers that extensively contribute to the growth of 
the Malaysian economy. The manufacturing sector has become the driving force for the 
industrial development in late-industrializing economies (Otsuka and Natsuda, 2016). 
Manufacturing propels Malaysian growth and industrialization since the launch of the New 
Economy Policy (NEP) in 1971. Moreover the manufacturing sector was known for its 
dynamic roles which contributed to the expansion of its own growth and also other sectors 
(Rasiah, 2010). The government of Malaysia is highly committed to improving and enhancing 
its manufacturing sector to be one of the key sectors for the industrial development of the 
country through series of strategic government plans such as the Malaysian Plan (MP) and the 
more specific indicative plan of Industrial Master Plan (IMP). About twenty years ago, the 
government of Malaysia started to concentrate on the development and improvement in the 
manufacturing sector. 
Serious attention has been given to the manufacturing sector as indicated in the Tenth 
Malaysian Plan (10MP), alongside other sectors of agriculture, construction, mining and 
quarrying, and services to accelerate the national economic growth that is driven by knowledge 
and high technology-based industries that would contribute in the Gross Domestic Product 
(GDP). In the mission to achieve greater global competitiveness, the government aims to 
expand the economic growth in the manufacturing sector at 5.6 percent annually and 
contributes 28.5 percent to GDP in the year 2020 with the total investments of RM412.2 billion 
or RM27.5 billion annually (IMP3, 2006). According to Bank Negara Malaysia, The 
production sector is among the key factors which helped the Malaysian economy in an 
economic revival during the time of the global financial crisis(Asid, 2010).  
To achieve Vision 2020, the government stimulates the industries by involving in high impact 
projects through the Economic Transformation Programme (ETP) and developing strategic 
cluster-based industries in manufacturing and services through the National Key Economic 
Areas (NKEAs) as well as in-NKEAs sectors and services sectors. The potential ability of 
NKEAs in enhancing the Gross National Income (GNI) allows a priority support from the 
Government (PEMANDU, 2013). Indeed, the manufacturing sector plays the most important 
and dynamic sector as compared to the others. 
Hooi (2015), found the trade electronics and electrical item from Malaysia will increase and its 
growth is placing a significant impact on the economic growth of Malaysia.  He continued and 
argued that the semiconductor industry has potential and with proper attention to this sector 
Malaysia can active it targeted economic growth. He concluded in his study with an argument 
that a flourishing and progressive production sector is a pre-condition for a prosper and 
growing economy and found a positive relationship between manufacturing sector performance 
and economic growth of Malaysia. However, later, Stuckler, Reeves, Karanikolos, and McKee, 
(2015)  shown a disagreement with the findings of  Hooi (2015) and argued that, it is not only 
the manufacturing sector which contributes to economic growth, rather the increasing role of 
technology and emerging concepts of knowledge-based economy are also key drivers of 
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economic growth . He further argued that no targeted economic growth can be achieved unless 
Malaysia production sector does not improve its performance in technological adoption.  
Recently, Singh and Ahuja (2017), pointed out that uninterrupted continuation in production is 
the key detriment of production performance. Explaining further he argued that, interruption 
in production either by the poor quality of the machine, the inefficiency of labor or incorrect 
settings, affect the production performance by affecting the quality of the product as well as 
production cost. The argument broached by Singh and Ahuja (2017) is consistent with the 
findings of forth Taib, Lamsali, Saleh and Subramaniam (2016). Whereas many researchers 
(Wickramasinghe and Perera, 2016; Troiano, Nolan, Parsons, Hoven and Zale, 2016; Helo, 
Gunasekaran, and Rymaszewska, 2017) are also of the view that the above-mentioned factors 
such as quality of machine, efficiency and skill of labor and incorrect setting has no significant 
impact on production performance in Malaysia.  
Moreover, Malaysian Investment Development Authority (MIDA) is also emphasizing that  
Malaysian firms need to move ahead by embracing the incentive of technology knowledge in 
order to make the production process efficient and indirectly lead to the good management 
decision-making (MIDA, 2015). In spite of the increasing numbers of benefits accruing from 
raising global competitions, the question whether acceleration of economic diversification of 
Malaysian manufacturing organization actually improve business performance still remains 
unclear (Yusoff, Imran, Qureshi, and Kazi, 2016; Hooi, Hooi, Leong, Leong, 2017; Ho, Ahmad 
and Ramayah, 2016). Thus in this study, the researcher wants to identify how the 
implementation of effective preventive maintenance practices on improve performance of 
Malaysian manufacturing sector trough product quality and reduce the manufacturing cost. 
 
2. Literature Review  
The Malaysian manufacturing sector is vital to the economy. To excel, the firms must first need 
to identify and determine their manufacturing performance. Secondly, they should aware that 
critical manufacturing practices will generate superior performance (Leachman, Pegels, and 
Shin, 2005). Strategies, objectives, and capabilities must be re-aligned and upgraded to 
encounter the existing business challenges, outrival competitors and endure global 
competitiveness. The present sustainable manufacturing practices are not soundly mapped, thus 
the justification and mechanism for improvements and their impacts are remained unclear 
(Despeisse, Mbaye, Ball, and Levers, 2012). Timely maintenance of manufacturing machines 
and equipment is a pre-requisite for smooth operations and production performance. 
 Park, Moon, Do and Bae (2007) categorized the maintenance activity into three main 
categories: corrective, preventive, predictive and condition-based maintenance. Faccio, 
Persona, Sgarbossa, and Zanin (2014) mentioned that the maintenance is one of the strategic 
plans to make sure high productivity of industrial systems. In adding, Al-Turki et al (2014), 
argued that preventive maintenance practices played an essential role in the development of 
manufacturing industries. This is the main reason why the maintenance task is among the 
central activities in manufacturing industries and have great influences on both the quality and 
quantity of the product which in turn affect production cost and customer satisfaction. Najid et 
al., (2011) stated that the preventive maintenance basically involves the condition based and 
time-based action which was appropriate for all production plant were avoid the machine 
failure which sufficient to meet organization demand. Meanwhile, Sorooshian, Aziz, Ahmad, 
Jubidin, and Mustapha, (2016), stated that it is essential to take advantage of conditions of 
machines by simultaneously and consistently plan for maintenance and for the production 
process, the measures might be a strategy to improve the performance of the organization. 
Thus, this study expecting that the preventive maintenance is a perfect solution in boosting the 
organization performance by extending the machine life and ensure the workplace safety.  
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In this study, the cost, quality is referred to as the main dimensions of manufacturing 
performance. Jin, Siegel, Weiss,  Gamel, Wang, Lee and Ni (2016) stated that machine or 
equipment failure not only affect the quality of the product but also increase the cost of 
manufacturing plant to replace the breakdown equipment. Thus Boon-Itt and Wong, (2016); 
Chavez, Yu, Jacobs, and Feng, (2017); Schönsleben, (2016) assert that in order to compete for 
global demand every firm must improve their performance by decreasing production costs and 
increasing quality of their product. According to Jardine and Tsang, (2013) manufacturing cost 
will be increased by inadequate maintenance jobs that lead to breakdowns and equipment 
failures. Due to this problem, the product being produced by a manufacturing plant may be off-
centered due to the poor quality of machine performance (Kumar, Lad, Manjrekar, and Singh, 
2016). The defective products must be reworked in order to rectify the quality deficiency. The 
above explanation shows that manufacturing performance dimensions such as cost and quality 
have a crucial relation to equipment maintenance. 
 













Figure 1: Theoretical Framework  
 
Figure 1 above illustrate the theoretical framework of this study. In this study, the preventive 
maintenance is known as independent variables and it divided into three dimensions namely; 
Time-based maintenance; Condition Based Maintenance and Predictive Maintenance. 
Meanwhile, the Manufacturing Performance was the independent variable and it was divided 
into two dimensions; cost and quality. The researcher intent to identify which factor; (TBM); 
(CBM); (PdM) contribute to the manufacturing performance to reduce the manufacturing cost 
and increase the quality of the product. Based on the theoretical framework above the following 
hypotheses were proposed:   
H1: Time-based maintenance has a significant relationship to manufacturing performance. 
H2: Condition-based maintenance has a significant relationship with manufacturing 
performance. 
H3: Predictive maintenance has a significant relationship to manufacturing performance. 
 
4. Method 
The current study is based on cross-sectional research design and quantitative research 
approach. The population of this study comprised of Malaysia manufacturers situated 
throughout Peninsular Malaysia. Malaysian Industry Development Authority (MIDA) 
illustrates that there are two main types of manufacturing industries, namely; resource-based 
and non-resource-based industries (MIDA, 2006). In order to distribute the questionnaire, the 
researcher of this study used the Federation of Malaysian Manufacturers (FMM) directory to 











(Cost and Quality) 
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Malaysian manufacturing organizations in order to identify whether preventive maintenance 
practices have influenced the performance of Malaysian manufacturing organization. There 
were a total of 3,752 manufacturing and service companies until January 2017 was identified 
in Federation of Malaysian Manufacturers (FMM) directory (FMM, 2017). There was 200 
questionnaire was distributed to selected company. The questionnaire was sent using postal 
and after three months only 155 questionnaires were received. The questionnaires were 
answered by the managers and engineers that directly participated with manufacturing plant 
operation.  
 
5. Data Analysis and Results  
5.1 Measurement Model Assessment  
Prior to the hypothesis testing, a measurement model was examined. It is a mandatory condition 
to move further to test structural model. In the measurement model examination, factor loading 
was observed, it should be more than 0.5 as stated by Hair et al., (2010). Cronbach alpha, as 
well as composite reliability, was also examined, and it should be more than 0.7. Furthermore, 
to examine convergent validity, average variance extracted (AVE) was studied. Figure 2 below 




Figure 2: Measurement Model Assessment 
 
Figure 2 shows that all the factor loading for al measurement variables. Refer to the result of 
measurement model above illustrated that all loading value was more than 0.7. Moreover, 
composite reliability and cronbach alpha are also more than 0.7. Average variance extracted 
(AVE) is more than 0.5 which confirms the convergent validity. The following table will 
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Table 1 above shows the results of measurement model assessment. Discriminant validity is 
examined by assessing the square root of the average variance extracted (AVE). It is shown 
that the square root is higher than other values. Therefore, this study also confirms the 
discriminant validity meets appropriate value to conduct further analysis.  
 
Table 2: Discriminant Validity 
  CBM PdM TBM [MP] 
CBM 0.863       
PdM 0.913 0.887     
TBM 0.885 0.795 0.899   
MP 0.855 0.796 0.817 0.877 
 
5.2 Structural Model Assessment  
After analyzing the measurement model, a structural model was observed to test the 
hypotheses. All the hypotheses were tested with Discriminate validity. In this paper, the 
discriminate validity was assessed by examining the Fornell and Larker (1981) conditions in 
which discriminant validity is demonstrated if the construct for AVE for a construct is more 
than the square of the constructs correlations with all other factors. In the simple word, a 
construct should explain more variation in its own indicators that of any other construct in the 
model.   
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Figure 3: Structural Model Assessment 
 
Figure 3 above indicates the bootstrapping result of the structural model and we can find that 
the T-value of all model at the acceptance level. According to Tenenhaus et al., (2005) the 
bootstrapping result t-values for the paths in a model must 1.64 or higher is significant at 10% 
level of significance (t>1.64; p < 0 .1).  Based on the above value we can find that the t-value 
of TBM: 1.764; CBM: 3.093 and PdM: 0.551. These indicate that the t-value of TBM and CBM 
show significant value which above than t>1.64 meanwhile the PdM show t-value result less 
than t>1.64.  
 
Table 3: Direct Hypotheses Results   













H1 TBM>MP 0.283 0.250 0.161 1.764 0.008 Supported  
H2 CBM>MP 0.504 0.487 0.163 3.093 0.002 Supported  
H3 PdM>MP 





Table 3 indicates the results of direct hypotheses of the study. From the p-value of TBM; 0.008 
and CBM; 0.002 was less than 0.05 or meanwhile the p-value of  PdM was 0.582 which above 
than 0.05. Similarly, another outcome of the hypotheses result was not favored to PdM.  
Therefore, this study declares that the H1 and H2 hypotheses are accepted and Hypothesis H3 
was not supported. 
 
6. Discussion  
After analyzing the data, it is found that preventive maintenance practices have a significant 
positive relationship with manufacturing performance in Malaysian manufacturing firms. 
Sound preventive maintenance practices are essentials for the maintain a good performance in 
Malaysian manufacturing firms. Thus, improvement in preventive maintenance practices will 
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directly improve the manufacturing performance.  It is found that (TBM) and (CBM) has a 
significant relationship with manufacturing performance in Malaysian manufacturing firms 
with a p-value of 0.008 and 0.002. Meanwhile, the t-statistic value of (TBM) and (CBM) also 
show higher is significant level at 1.764 and 3.094. Thus, this study declares that (TBM) and 
(CBM) has a significant positive relationship with manufacturing performance in Malaysian 
manufacturing firms. However, the (PDM) is rejected due to lower t-statistic value at 0.551 
and p=value at 0.0.582 which more than 0.05 p-value. The findings of the study have revealed 
that (PdM), have no relationship with manufacturing performance. Overall this study reveals 
that all sub-factors in preventive maintenance namely (TBM and CBM) were found to be 
having much effect on the (Cost and Quality). This because the implementation of (TBM and 
CBM) practice can minimize the machine stoppages and breakdown in manufacturing plant 
and this significantly increased the manufacturing performance in term of reducing cost and 
retain product quality that directly improves the organizational performance. Therefore, it can 




The current research is carried out to investigate the role of preventive maintenance practices 
to achieve better manufacturing performance among the Malaysian manufacturing sector. The 
findings of this study reveal that (TBM and CBM) practice plays a significant role in extending 
machine lifetime that reduces sudden machine breakdown and retains the performance of the 
machine that significantly reduces the cost of the manufacturing firm in repair the retain 
product quality that creates sustainable manufacturing performance. These competitive 
strategies are needed to achieve a better performance and generate the competitive advantage 
among Malaysian manufacturing organizations. Preventive maintenance practices are the key 
to improving manufacturing performance by decreasing production costs and increasing 
product quality that become most crucial part in enhancing overall manufacturing performance. 
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